Introduction
Salinomycin (C 42 H 70 O 11 ), which is known as an antimicrobial drug, is a monocarboxylic polyether antibiotic isolated from Streptomyces albus strain (Zhou et al. 2013) . Previously, it has been reported that salinomycin salinomycin has 100-fold greater pharmacological effect than paclitaxel (an anti-breast cancer drug) (Gupta et al. 2009 ). After this discovery, which concludes salinomycin as an anti-cancer drug regarding to its pharmacological effect on cancer stem cells, there is an intensive interest on salinomycin and several in vitro and in vivo studies have been carried out in terms of evaluating the effects of salinomycin on various cell lines including for both cancer stem cells and cancer cells (Zhou et al. 2013) . As far as our knowledge in literature, only few studies showed 316 T98G glioblastoma viability was assessed by toxicology assay and the results were computed as the response data in dose-response curves.
Material and Methods
Salinomycin (SAL) (%98) from Streptomyces albus strain obtained from Sigma Aldrich Chemical Co. (Germany). Human glioblastoma cell-line T98G was kindly provided by Prof. Dr. Menemşe Gümüşderelioğlu from Hacettepe University, Turkey.
Cell Culture Studies
Cell culture studies were carried out with T98G, human glioblastoma cell-line at passage number of six. The cells were subcultured in flasks using Dulbecco's modified Eagle medium-F12 (DMEM-F12) (Sigma Co.) supplemented with 10 % (v/v) fetal bovine serum (FBS, Sigma Co.) and 1 % penicillin-streptomycin (Biological Industries, Ashrat, Israel).
Cell Seeding and Effective Dose Studies
In order to determine effective doses of salinomycin on T98G cells, cell culture studies were conducted in sterile 24-well tissue culture polystyrene (TCPS) dishes in stationary conditions, and then cells were exposed to SAL with different doses. In brief, T98G cell suspension at a density of 2x10 4 cells mL -1 was seeded in 24-well plates. After cells were completely attached (2 h), dose-response experiments were assessed with different concentrations of SAL inclusion into the cells. 0 µM SAL (control group A), 0.01 µM SAL (group B), 0.5 µM SAL (group C), 1 µM SAL (group D), 2.5 µM SAL (group E), 5 µM SAL (group F) and 10 µM SAL (group G) are added to each well and cell responses were evaluated in terms of cell viability.
Dose-Response Experiments With in Vitro Toxicology Assay and Cell Imaging
Cellular viability on groups (A-G) was assessed by Sulforhodamine B based in vitro toxicology assay kit (TOX6 kit, Sigma, Germany). After 24, 48, 72 and 96 h, cellular viabilities of cells on all groups were determined by using ELISA reader at 565 nm with reference to 690 nm and data were calculated according to the TOX6 kit supplier's instructions. The inhibitory rates of cells were performed by the toxicology assay and dose-response curves were generated for each selected time interval. Cell viability was evaluated by taking control group as reference. Cytoskeleton organizations and morphologies of cells, exposed to different SAL doses (Groups A-G) were observed at the end of 96 h of incubation period. In brief, cells were rinsed twice with PBS, fixed in 2.5 % (v/v) glutaraldehyde in 0.1 M PBS (pH 7.4) for 10 min at 4 °C and permeabilized in 0.1 % Triton-X 100 for 5 min. Cell cytoskeletal filamentous actin (F-actin) was visualized by treating the cells with Alexa Fluor 488 phalloidin (Invitrogen, USA) for 20 min, and cell nuclei were counterstained with propidium iodide for 5 min. Samples were visualized using fluorescence microscope (Olympus, Japan).
Determination of Dose-Response Parameters
Dose-response curves were plotted for each time interval according to the cell survival data (viability) obtained from toxicology assay. Relative cell viability data (y= N/N C ), where the cell number N was measured in the presence of drug and N C in a absence of drug as control, and relative cell growth data (y* = (N − N 0 )/(N C − N 0 )), where N 0 is the initial number of cells, were calculated and computed as the response data in dose-response curves 1 and 2, respectively. Curve fitting was performed by using nonlinear least squares regression in GraphPad Prism 6 and data were quantified by using a conventional logistical sigmoidal function which was described before (Fallahi-Sichani et al. 2013) as:
where; y is a response measure (relative viability/growth) at dose D (0.01, 0.5, 1, 2.5, 5 and 10 µM SAL), E 0 and E inf are the top and bottom asymptotes of the response, EC 50 is the concentration at half-maximal effect and equals to half-maximum inhibitory concentration (IC 50 ), and HS is a slope parameter analogous to the Hill coefficient (Hill 1910 , Holford and Sheiner 1981 , Fallahi-Sichani et al. 2013 ).
The pharmacokinetic parameters; IC 50 : the concentration of drug at which response is half its theoretical maximum (the concentrations of drug result in 50% cell killing), and AUC: the area under the dose-response curve were determined from dose-response curve 1 (relative viability vs drug concentration), whereas half maximum growth inhibition (GI 50 ) parameters were determined from doseresponse curve 2 (relative growth vs drug concentration Kim et al. 2011 , Ketola et al. 2012 ) and brain cancer cells (Calzolari et al. 2014) , where salinomycin induced cell death by apoptosis due to its severe toxicity for all those reported tumor types. Therefore, it is critical to identify effective salinomycin concentration as an anti-cancer agent without using excess amount of it. In this study, T98G glioblastoma cells were incubated via increasing amounts of SAL (0.1 µM to 10 µM: groups B-G) and a toxicology assay was assessed with selected time intervals (24h to 96 h). 5 µM and 10 µM SAL doses were determined as the effective concentrations in terms of toxicity effect of SAL on T98G cells (data not shown). In terms of the changes in the filaments of cells, an incredible significant change in the morphologies of cells (exposed to 10 µM SAL) was observed from Figure 1 which suggested cell apoptosis, since changes in the organization of the actin cytoskeleton indicate apoptotic signaling (Desouza et al. 2012) . However, it is noteworthy that cells tried to resist for the SAL concentrations of 0.1 µM, 0.5 µM and 1 µM. 
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and curve fitting was applied by nonlinear regression approximated by four-parameter logistic (4PL) model and a sigmodial curve was fitted. For each time interval, bestfitted values of IC 50 , HS, AUC, and GI 50 dose-response parameters for each time interval were calculated from Figure  7a and Figure 7b and results were demonstrated in Table 1 . As shown in Table 1 , as incubation time of T98G cells is passed from 24 h to 72 h, IC 50 values are decreased which suggests the potency of salinomycin increases up to 72 h. After 72 h, IC 50 value suddenly increased which may be probably due to the reduction of the SAL effect on T98G cells. At the end of 24 h, a considerable high amount of (NA value, %95 confidence intervals) IC 50 value was determined which indicates salinomycin has a limited effect on T98G
Regarding to early phases of drug development, pharmacokinetics is needed in order to interpret the magnitudes of the therapeutic and/or toxic responses according to given the doses (Holford and Sheiner 1981) . Moreover, following a single dose, the magnitude of the drug effect (side effects, toxicity) which declines with time should be considered. In deed, individualized dose adjustment and improved clinical efficacy is achieved by pharmacokinetics and pharmacodynamics guided dosing which can reduce the risk of toxicity (Holford and Sheiner 1981, Harvey 2008) . Thus, in this study, key dose-response parameters of salinomycin were evaluated with T98G glioblastoma cell line in vitro. Dose-response curves were plotted according to the timedependent relative viability data obtained from T98G cells Table 1 , showed a similar trend as in potency and E inf (bottom asymptotes) values. From 24 h to 72 h of incubation period of cells, the values first decreased, and then an increment was detected at 96 h of incubation (Table 1) .
Toxicity Challenges and Discussion
Salinomycin offers a promising treatment due to its anticancer effects (e.g. inhibits the migration of breast and colon cancer cells (Kopp et al. 2014) ); however, potential toxicities should be under control since it has relatively few side effects in normal cells (Zhou et al. 2013) . Several studies demonstrated the neurotoxic side effects of salinomycin (van der Linde-Sipman et al. 1999 , Story and Doube 2004 , Boehmerle and Endres 2011 . Therefore, efficient strategies should be developed in order to prevent side effects of salinomycin. Efforts on the development of a less cytotoxic drug for clinical uses are achieved by nanotechnological approaches (Aydın 2014) . Very recently, we have studied salinomycin encapsulated nanoparticles for brain tumor targeting (Aydın et al. 2016 ) by using the effective doses/ concentrations of salinomycin suggested in this study. Doseresponse parameters obtained from dose-response curves for each time interval are correlated to therapeutic efficacy or toxicity of SAL in T98G cells. Pharmacokinetic and/ or pharmacodynamic parameters obtained from the doseresponse data indicated preliminary results suggesting antiglioblastoma activities of SAL. However, it is noteworthy that future in vivo and clinical studies should be conducted in terms of evaluating effective doses of SAL as anti-cancer agent for glioblastoma cells. This in vitro study focused on the effective doses and the toxicity of SAL on glioblastoma cells as an anti-cancer drug. But it should be noted that clinical studies, demonstrate drug stability and biosafety, are warranted to fully understand the impact of this potential drug.
cells. Although potency (IC 50 or EC 50 ), defines cytotoxic activity, at the midpoint of the dose-response curve is considered as the most important difference between the drug and the resistant cells (Holford and Sheiner 1981 , Harvey 2008 , Fallahi-Sichani et al. 2013 , the concentration of drug needed to inhibit growth measured as GI 50 , defines growth inhibition activity, is also considered as significant parameters for especially in vitro tumor models (Harvey 2008 , Kuo et al. 2009 , Palmeira et al. 2012 , Fallahi-Sichani et al. 2013 , Vainstein et al. 2013 . Table 1 Hill slope parameter, which shows how fast the response increases as the dose increases, also gives an idea of the accuracy of the response. If the slope is too shallow, it suggests a greater chance of overlap between desired effects and undesired effects. If slope is too steep and the maximum response is not therapeutic (toxic) then it may be very hard to achieve a dose for a particular wanted response, and not also have an unwanted response. Our results suggested that at 24 h and 96 h of incubation, the response of SAL is not stable, the maximum response may not be therapeutic and, desired and undesired effects are unpredictable. The AUC, also known as the activity area (Fallahi-Sichani et al. 2013) , has been correlated to therapeutic efficacy or toxicity for several different chemotherapeutic agents. Moreover, AUC is defined as the combination of potency and efficacy into a single parameter (Fallahi-Sichani et al. 2013 ). The AUC 
